Abstract: Although many types of heterogeneous catalysts have been applied to the transesterification reaction, some of them are unsuitable for industrial applications due to their high price and the extra preparation required to synthesize them. Calcium methoxide is a low cost, strong base with high catalytic activity and is thus commonly used in the biofuels synthesis process during the transesterification reaction. The objective of this study was to determine the optimized conversion in the transesterification reaction of waste cooking oil (WCO) for biodiesel production by using a homogenizer with a calcium methoxide catalyst. It was shown that the optimal reaction conditions are a methanol-to-oil molar ratio of 6:1, 4 wt % Ca(OCH 3 ) 2 , a reaction temperature of 65 • C, a rotation speed of 7000 rpm, and a reaction time of 90 min. The conversion rate under these conditions reached 90.2%. Ca(OCH 3 ) 2 thus has potential as a catalyst for industrial use. In addition, with a homogenizer system, the reaction time for synthesizing calcium methoxide catalyst can be reduced by half compared to that for conventional water-bath heating. In addition, the large amount of waste water required in the oil-water separation step can be reduced by using calcium methoxide instead of a homogeneous catalyst, significantly reducing manufacturing costs.
Introduction
Biodiesel, also called fatty acid methyl esters (FAME), can be derived from a variety of vegetable oils, animal fats, and used cooking oil [1] [2] [3] . Converting waste cooking oil (WCO) into biodiesel has become increasingly popular due to its economic and environmental benefits. Research has shown that biodiesel can be produced using base-catalyzed transesterification [4] [5] [6] . Biodiesel is regarded as an alternative energy source for diesel generators and other machines [7] [8] [9] . In Taiwan, the scale of the first demonstration factory for handling WCO has reached 3000 m 3 . WCO have also been used in commercial programs since October 2004 [10] .
Sodium oxide and potassium oxide are commonly used as catalysts in the process of alkaline methanolysis for producing biodiesel [11] . Using a homogenous catalyst makes the mixture blend uniformly and shortens the reaction time. However, there are some problems in separating lipid catalysts and biodiesel [12] . Also, a large amount of water is required to balance the pH value of the waste liquid after the reaction, which greatly increases manufacturing costs.
Catalyst Preparation
The Ca(OCH 3 ) 2 catalyst synthesized with a traditional water-bath heating system was prepared as follows: commercial CaO (5.0 g) was added into an Erlenmeyer flask with methanol (100 mL) under a reflux system at a temperature of 65 • C and a rotation speed of 700 rpm for 2 h. After stirring, the solution was placed in a centrifuge at 5000 rpm for 3 min to remove the methanol on the CaO surface. Ca(OCH 3 ) 2 was obtained after 1 h under a vacuum drying process at a temperature of 105 • C.
The Ca(OCH 3 ) 2 catalyst used in the experiment with a homogenizer system was processed as follows: commercial CaO (5.0 g) was added into an Erlenmeyer flask with methanol (100 mL) under a homogenizer system, and then turned into a closed reflux system at a temperature of 65 • C and a rotation speed of 700 rpm for 30 to 60 min. After the reaction, the solution placed in a centrifuge at 5000 rpm for 3 min to remove the methanol on the CaO surface. The Ca(OCH 3 ) 2 was obtained after a vacuum drying process at a temperature of 105 • C for 1 h.
Catalyst Characterization
X-ray diffraction (XRD) was employed to observe the crystallography of the catalysts. XRD patterns of the samples were recorded on a D8 diffractometer (Bruker, Billerica, MA, USA) using Cu Kα radiation. The patterns were recorded at a 2θ scanning rate of 0.04 • /s in the 2θ range of 0 • to 60 • . A PKI Spectrum GX Fourier transform infrared (FTIR) spectrophotometer (Wellesley, MA, USA) was used to identify the groups of CaO. The spectra of the samples were recorded in the range of 400-4000 cm −1 with a resolution of 4 cm −1 . The standard KBr technique was used for sample preparation. 
Transesterification Reaction Procedure
The experimental setup is shown in Figure 1 . A homogenizer synthesis reactor (Hsiangtai H-M-300, Hsiangtai Co., Ltd., New Taipei City, Taiwan) equipped with a thermostatic tank and a condenser was used for the homogenizer reactions. The process was carried out under various operation conditions. The operating parameters include reaction temperature, amount of catalyst, reaction time, methanol-to-oil molar ratio, and rotation speed. A conventional heating system (HTS-1003, Laboratory & Medical Supplies Co., Ltd., Tokyo, Japan) equipped with a mechanical stirrer and a condenser (LC-10, Hi-point Co., Ltd., Kaohsiung City, Taiwan) was used for the conventional heating reactions.
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The experimental setup is shown in Figure 1 . A homogenizer synthesis reactor (Hsiangtai H-M-300, Hsiangtai Co., Ltd., New Taipei City, Taiwan) equipped with a thermostatic tank and a condenser was used for the homogenizer reactions. The process was carried out under various operation conditions. The operating parameters include reaction temperature, amount of catalyst, reaction time, methanol-to-oil molar ratio, and rotation speed. A conventional heating system (HTS-1003, Laboratory & Medical Supplies Co., Ltd., Tokyo, Japan) equipped with a mechanical stirrer and a condenser (LC-10, Hi-point Co., Ltd., Kaohsiung City, Taiwan) was used for the conventional heating reactions. The acid value (AV) and saponification value (SV) were determined using a standard American Oil Chemists′ Society (AOCS) titrimetry method. AV was measured as follows: the oil (5.0 g) was added into an alcohol/ether solution (1:1; v/v, 150 mL) in a 250 mL Erlenmeyer flask; then, a few drops of 1% phenolphthalein indicator was added into the solution. Finally, titration was conducted with 0.1 N potassium hydroxide solution. SV was measured as follows: the oil (2.0 g) was added into a potassium hydroxide/alcohol solution (1:1; v/v, 25 mL) in a 250 mL Erlenmeyer flask. The solution was refluxed with heat for 1 h. Then, a few drops of 1% phenolphthalein indicator were added into the solution. Finally, titration was conducted with 0.5 N hydrochloric acid. The AV of WCO was calculated as [33] :
where NaOH V is the volume of the sodium hydroxide titrant (mL) and W is the oil weight (g).
The SV of WCO was calculated as [33] : The acid value (AV) and saponification value (SV) were determined using a standard American Oil Chemists Society (AOCS) titrimetry method. AV was measured as follows: the oil (5.0 g) was added into an alcohol/ether solution (1:1; v/v, 150 mL) in a 250 mL Erlenmeyer flask; then, a few drops of 1% phenolphthalein indicator was added into the solution. Finally, titration was conducted with 0.1 N potassium hydroxide solution. SV was measured as follows: the oil (2.0 g) was added into a potassium hydroxide/alcohol solution (1:1; v/v, 25 mL) in a 250 mL Erlenmeyer flask. The solution was refluxed with heat for 1 h. Then, a few drops of 1% phenolphthalein indicator were added into the solution. Finally, titration was conducted with 0.5 N hydrochloric acid. The AV of WCO was calculated as [33] :
where V NaOH is the volume of the sodium hydroxide titrant (mL) and W is the oil weight (g). The SV of WCO was calculated as [33] :
where S is sample titration amount (mL); B is the blank titration amount (mL), and W is the oil weight (g). The molecular weight (MW) of WCO was calculated from its SV and AV [33, 34] as:
where SV and AV are in units of mg KOH/g. The AV, SV, and MW of the WCO used here are 0.062 mg KOH/g, 223.558 mg KOH/g, and 753.03, respectively. Therefore, the WCO moles can be obtained by dividing the mass by the molecular weight (MW). The WCO was kept at a constant mass (mole) when running the experiments with different methanol to oil ratios. A 100 g sample of WCO, as a reactant, was put into a 500 mL reactant tank. A homogenizer was used to promote the uniformity of the reaction in the system. The experiment was carried out at temperatures ranging from 50 to 70 • C, a catalyst content of 1 to 5 wt % (based on the weight of WCO), reaction times of 30 to 90 min, various methanol-to-oil molar ratios (4:1, 6:1, 8:1, and 10:1), and various rotation speeds (1000, 3000, 5000, 7000, and 9000 rpm). After the reaction, the upper layer was biodiesel and the lower layer was glycerol. The material (biodiesel) was dried in an oven at 105 • C for 6 h.
Analytical Methods
The analytical method used to determine the content of FAME followed the Taiwan CNS-15051 standard. Similar studies using this method were found [33, [35] [36] [37] [38] . The biodiesel sample was analyzed with a Clarus 600 GC (PerkinElmer, Shelton, CT, USA) equipped with a capillary column (SPBTM-WAX, 30 m × 0.75 m × 1.0 µm) and a flame ionization detector (FID). The FAME standards for GC calibration were methyl myristate (C14:0), methyl palmitate (C16:0), methyl palmitoleate (C16:1), methyl heptadecanoate (C17:0 used as the internal standard [37] ), methyl stearate (C18:0), methyl oleate (C18:1), methyl linoleate (C18:2), methyl linolenate (C18:3), methyl arachidate (C20:0), methyl eicosapentaenoate (C20:5), and methyl behenate (C22:0). Their retention times were used to identify and confirm the chromatogram FAME peaks obtained from the samples.
In this experiment, 50 mg of the sample was mixed evenly with 1 mL of the internal standard, and a small portion of the sample (1 µL) was injected under the following conditions: the injector temperature was 280 • C with a split ratio of 1:20; nitrogen was used as the carrier gas with a flow rate of 45 mL/min; the air flow rate was 450 mL/min, and the temperature of the detector was 300 • C. The oven temperature was initially set at 210 • C, held for 4 min, and then increased to 240 • C at a rate of 4 • C/min, and held there for 8 min. Finally, the peak areas after gas chromatography analysis were compared, and the conversion of WCO to biodiesel was calculated following the standard method EN 14103, which is defined as follows:
where ΣA is the total peak area from FAME C 14:0 to C 24:1 ; A EI is the peak area of the internal standard (methyl heptadecanoate); C EI is the concentration of the internal standard (mg/mL); V EI is the volume of the internal standard (mL), and m is the mass of the sample (mg) to be analyzed. The data on conversion rate were obtained by averaging three individual measurements, and the standard deviations were shown with error bars.
Results and Discussion

Characterization of the Catalyst
The XRD patterns of Ca(OCH 3 ) 2 synthesized for 2 h using the conventional water-bath heating system and Ca(OCH 3 ) 2 synthesized for 30 or 60 min with a homogenizer are shown in Figure 2 CaCO 3 . Accordingly, in the XRD patterns of the commercial CaO (Figure 2a) , a prominent peak (indicated with a black square) in the 37-38 • (2θ) range is not observed. As shown in Figure 2b ,c, the intensity of the reflections decreased, indicating that the CaO reacted completely with methanol in the synthesis reaction. Based on Equation (5), CaO was consumed by methanol either in part or completely in this reaction. The peak corresponding to the CaO phases disappeared after the reaction. Additionally, the CaO might have contacted atmospheric air and reacted with H 2 O and CO 2 through chemisorption. Eventually, very small amounts of Ca(OH) 2 and CaCO 3 , were produced through hydroxylation and the carbonation reaction, respectively [39] . Hence, in the other two spectra shown in Figure 2b ,c, the intensity of the peak corresponding to the CaCO 3 phases is very low. However, as shown in Figure 2d , the reaction was not complete after 30 min in the homogenizer system. The reflections at 32.1 • and 37.5 • (2θ) indicate that the CaO had not totally reacted. Also, a slightly more prominent peak in the 37-38 • range corresponding to the CaCO 3 phases was observed. For the Ca(OCH 3 ) 2 catalyst synthesized using the conventional method or the homogenizer system, the most remarkable peak for Ca(OCH 3 ) 2 was at 11 • (2θ). The peak of Ca(OCH 3 ) 2 is similar to that shown in reference [40] . A comparison of the main peaks between Figure 2b ,c indicated that there was only a slight difference in the peak area. This suggests that the homogenizer system can synthesize Ca(OCH 3 ) 2 more rapidly and effectively than conventional water-bath heating. The reaction time for the traditional method was double that for the homogenizer method. In addition, the diffraction peak at 18 • (2θ) is a feature of Ca(OH) 2 and that at 29.2 • (2θ) is a feature of CaCO 3 . Both of them are byproducts in Equation (5). This might be a result of oxidation during synthesis [40] .
The infrared (IR) spectra of the Ca(OCH 3 ) 2 synthesized for 2 h using the conventional system and Ca(OCH 3 ) 2 synthesized for 30 or 60 min with the homogenizer are shown in Figure 3 . The characteristic absorption between 1050 and 1085 cm −1 indicates the presence of the C-O in the alcohol. The other characteristic absorption between 3700 and 3580 cm −1 represents the existence of the strong and wide -OH mode. This peak corresponds to the -OH mode of water [41] . For the absorption at 1080 cm −1 in Figure 3a ,b, the bands are almost the same. However, the peak intensity is weaker in Figure 3c . This is attributed to the incomplete reaction in Equation (5). Furthermore, Granados et al. [17] pointed out the important feature between 2800 and 3000 cm −1 and 1480 cm −1 is observed as -C-H, also one of the characteristic peaks of the CH 3 in methanol.
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The infrared (IR) spectra of the Ca(OCH3)2 synthesized for 2 h using the conventional system and Ca(OCH3)2 synthesized for 30 or 60 min with the homogenizer are shown in Figure 3 . The characteristic absorption between 1050 and 1085 cm −1 indicates the presence of the C-O in the alcohol. The other characteristic absorption between 3700 and 3580 cm −1 represents the existence of the strong and wide -OH mode. This peak corresponds to the -OH mode of water [41] . For the absorption at 1080 cm -1 in Figure 3a ,b, the bands are almost the same. However, the peak intensity is weaker in Figure 3c . This is attributed to the incomplete reaction in Equation (5). Furthermore, Granados et al. [17] pointed out the important feature between 2800 and 3000 cm −1 and 1480 cm -1 is observed as -C-H, also one of the characteristic peaks of the CH3 in methanol. 
Effects of Rotation Speed on the Conversion Rate of Biodiesel
The previous experimental results show that the reaction of CaO and methanol using the homogenizer system for 60 min gave the best conversion for Ca(OCH3)2 catalyst. This product was used as the base solid catalyst in subsequent experiments.
The effects of rotation speed on the conversion rate of the biodiesel are shown in Figure 4 . As shown, the rotation speed influenced the reaction. The experiment was carried out with various rotation speeds (1000, 3000, 5000, 7000, and 9000 rpm), a methanol-to-oil ratio of 6:1, a reaction temperature of 65 °C, 4 wt % Ca(OCH3)2 catalyst synthesized using the homogenizer system for 60 min, and a reaction time of 60 min. The reactants did not react completely at low rotation speed (1000 rpm); therefore, the conversion rate was relatively low, only 12.4%. As the rotation speed was increased, the conversion rate increased approximately linearly for 1000 to 7000 rpm. This increasing trend is due to the increase in the number of collisions between particles. Increasing of the rotation speed enhanced the contact area between reactants and made the WCO, methanol, and catalyst mix evenly. When the rotation speed was increased to 7000 rpm, the conversion rate was 76.7%. Further increasing the rotation speed increased the conversion rate. However, considering the problem of the homogenizer overheating, the optimal rotation speed was 7000 rpm. Therefore, in the subsequent experiments, we used a fixed rotation speed (7000 rpm) to determine the optimal conditions for the highest conversion by adjusting the methanol-to-oil molar ratio, catalyst loading, reaction temperature, and reaction time. 
The previous experimental results show that the reaction of CaO and methanol using the homogenizer system for 60 min gave the best conversion for Ca(OCH 3 ) 2 catalyst. This product was used as the base solid catalyst in subsequent experiments.
The effects of rotation speed on the conversion rate of the biodiesel are shown in Figure 4 . As shown, the rotation speed influenced the reaction. The experiment was carried out with various rotation speeds (1000, 3000, 5000, 7000, and 9000 rpm), a methanol-to-oil ratio of 6:1, a reaction temperature of 65 • C, 4 wt % Ca(OCH 3 ) 2 catalyst synthesized using the homogenizer system for 60 min, and a reaction time of 60 min. The reactants did not react completely at low rotation speed (1000 rpm); therefore, the conversion rate was relatively low, only 12.4%. As the rotation speed was increased, the conversion rate increased approximately linearly for 1000 to 7000 rpm. This increasing trend is due to the increase in the number of collisions between particles. Increasing of the rotation speed enhanced the contact area between reactants and made the WCO, methanol, and catalyst mix evenly. When the rotation speed was increased to 7000 rpm, the conversion rate was 76.7%. Further increasing the rotation speed increased the conversion rate. However, considering the problem of the homogenizer overheating, the optimal rotation speed was 7000 rpm. Therefore, in the subsequent experiments, we used a fixed rotation speed (7000 rpm) to determine the optimal conditions for the highest conversion by adjusting the methanol-to-oil molar ratio, catalyst loading, reaction temperature, and reaction time.
Energies 2018, 11, x FOR PEER REVIEW 6 of 11 Figure 3 . IR analysis of (a) Ca(OCH3)2 synthesized using conventional water-bath heating for 2 h and Ca(OCH3)2 synthesized using a homogenizer (b) 60 min and (c) 30 min.
Effects of Methanol-to-Oil Molar Ratio on the Conversion Rate of Biodiesel
The effects of the methanol-to-oil molar ratio on the conversion rate are shown in Figure 5 . Experiments were carried out with various methanol-to-oil molar ratios (4:1, 6:1, 8:1, and 10:1), 4 wt % Ca(OCH 3 ) 2 catalyst, a reaction temperature of 65 • C, a reaction time of 60 min, and a rotation speed of 7000 rpm to investigate the influence of the molar ratio on the conversion rate. As mentioned above, the WCO was kept at a constant mole when running the experiments with various methanol-to-oil molar ratios. Figure 5 shows that the conversion rate of the biodiesel increased with the methanol-to-oil molar ratio for ratios of 4:1 to 10:1. When the methanol-to-oil molar ratio was 4:1, the reaction did not reach a balance, causing the conversion rate to be low. The conversion rate was 53.5%. When the methanol-to-oil ratio was increased to 6:1, the conversion rate was 76.8%. When the methanol-to-oil ratio was further increased to 8:1 and 10:1, the conversion rate decreased. These results were attributed to excess methanol promoting the reverse reaction and diluting the concentration of the catalyst. That is, the results can be explained by the fact that glycerol is soluble in alcohol. Hence, an excess of methanol can increase the concentration of glycerol in the reaction mixture, which can shift the equilibrium to the reactant side [36] . Furthermore, glycerol and biodiesel are miscible due to the use of excess methanol [33] . In this situation, the opportunity for the catalyst and oil particles to collide decreased. The reaction could not be carried out efficiently, and thus the conversion was lower [33, 36, 42] . The optimal methanol-to-oil ratio was 6:1.
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Effects of Amount of Catalyst on the Conversion Rate of Biodiesel
The effects of the amount of catalyst on the conversion rate are shown in Figure 6 . The experiment was carried out with various amounts of Ca(OCH3)2 (1, 2, 3, 4, and 5 wt %) synthesized using the homogenizer system for 60 min, a methanol-to-oil ratio of 6:1, a reaction time of 60 min, a temperature of 65 °C, and a rotation speed of 7000 rpm. When the amount of catalyst was increased from 1 wt % to 4 wt %, the opportunity of collisions between the catalyst and reactant particles increased, promoting the formation of the biodiesel. Gryglewicz [41] found that alkaline-earth metal alkoxides are slightly soluble in alcohols when they are more than 0.04 wt % in the liquid. Therefore, alcohol can be catalyzed not only by free alkoxylate ions but also by solid alkoxylate, which can be regarded as abducts. An alkoxide can be introduced directly into the reaction system. Alkoxides have been found to be highly catalytically active in such cases. Ca(OCH3)2 has strong basicity. When the catalyst was added at 5 wt %, the conversion of the biodiesel decreased by about 10%. This can possibly be attributed to a mixing problem involving the reactants and the solid catalyst. The excess amount of catalyst led to an increase in the viscosity of the reaction mixture, resulting in the poor 
The effects of the amount of catalyst on the conversion rate are shown in Figure 6 . The experiment was carried out with various amounts of Ca(OCH 3 ) 2 (1, 2, 3, 4, and 5 wt %) synthesized using the homogenizer system for 60 min, a methanol-to-oil ratio of 6:1, a reaction time of 60 min, a temperature of 65 • C, and a rotation speed of 7000 rpm. When the amount of catalyst was increased from 1 wt % to 4 wt %, the opportunity of collisions between the catalyst and reactant particles increased, promoting the formation of the biodiesel. Gryglewicz [41] found that alkaline-earth metal alkoxides are slightly soluble in alcohols when they are more than 0.04 wt % in the liquid. Therefore, alcohol can be catalyzed not only by free alkoxylate ions but also by solid alkoxylate, which can be regarded as abducts. An alkoxide can be introduced directly into the reaction system. Alkoxides have been found to be highly catalytically active in such cases. Ca(OCH 3 ) 2 has strong basicity. When the catalyst was added at 5 wt %, the conversion of the biodiesel decreased by about 10%. This can possibly be attributed to a
mixing problem involving the reactants and the solid catalyst. The excess amount of catalyst led to an increase in the viscosity of the reaction mixture, resulting in the poor diffusion of the reactants in the methanol-oil-catalyst systems, thus causing the lower conversion rate [21, [42] [43] [44] . Therefore, the optimal catalyst content was 4 wt %.
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Effects of Temperature on the Conversion Rate of Biodiesel
The effects of temperature on the conversion rate of biodiesel are shown in Figure 7 . The experiment was carried out with temperatures of 50 to 70 °C, 4 wt % Ca(OCH3)2 catalyst synthesized using the homogenizer system for 60 min, a methanol-to-oil ratio of 6:1, a reaction time of 60 min, and a rotation speed of 7000 rpm. The conversion rates at 50 and 55 °C were 22.8% and 29.1%, respectively. When the temperature was increased to 60 °C, the conversion rate of the biodiesel increased to 50.9%. At a temperature of 65 °C, the conversion rate was 76.7%. Note that the conversion rate reached a maximum at 65 ° C with increasing temperature and then decreased slightly after 65 ° C. This might be related to the boiling point of the methanol (64.7 °C). When the reaction temperature was above the critical point (boiling point), methanol vaporized easily in the reaction tank, inhibiting the reaction between methanol, WCO, and the catalyst. More specifically, this phenomenon could be attributed to a large amount of methanol vaporized in the gas phase as well as a sharp decrease in methanol in the liquid phase at a higher temperature than the boiling point of methanol [44, 45] . In addition, too high of a reaction temperature will increase the risk of saponification [44] . Accordingly, the optimal reaction temperature was 65 °C. 
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Effects of Reaction Time on the Conversion Rate of Biodiesel
The effects of the reaction time on the conversion rate of the biodiesel are shown in Figure 8 . The experiment was carried out with various reaction times (30, 45, 60, 75 , and 90 min), a methanol-to-oil ratio of 6:1, a reaction temperature of 65 • C, 4 wt % Ca(OCH 3 ) 2 catalyst, and a rotation speed of 7000 rpm. Figure 8 shows that the reactants did not efficiently undergo transesterification in 30 min; the conversion rate was below 20%. When the reaction time was increased to 60 min, the conversion rate increased significantly to 76.7%. The reason for this increase is the increase in reaction time. The reactants could be mixed much more evenly. Further increasing the reaction time from 60 to 90 min led to gradual increase in the conversion rate. When the reaction time was 90 min, the conversion rate reached 90.2%. The optimal reaction time was 90min. In summary, the optimal reaction conditions are a methanol-to-oil molar ratio of 6:1, 4 wt % Ca(OCH 3 ) 2 , a reaction temperature of 65 • C, a rotation speed of 7000 rpm, and a reaction time of 90 min.
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Conclusions
This study investigated synthesizing Ca(OCH3)2 using a homogenizer system for a transesterification reaction. Calcium methoxide was synthesized using a homogenizer system for 60 min. Compared to conventional water-bath heating, the reaction time was decreased by half. The chemical composition of the catalysts was examined using XRD and IR spectroscopy. The WCO underwent a transesterification reaction with the catalyst synthesized using a homogenizer system to reduce the reaction time. The optimal conditions for this experiment were a methanol-to-oil molar ratio of 6:1, 4 wt % Ca(OCH3)2 catalyst, a reaction temperature of 65 °C, a rotation speed of 7000 rpm, and a reaction time of 90 min. Under these conditions, the conversion rate of the biodiesel reached 90.2%. In addition, the large amount of waste water required in the oil-water separation step could be reduced by using calcium methoxide instead of a homogeneous catalyst, significantly lowering manufacturing costs. Homogenizers can increase scale and effectively shorten the reaction time. The proposed method is highly competitive with conventional homogenous catalysts and the heatingstirring method. 
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